"  -r  --  ^  a  .  -  \.m' rJ-  rf 


/'A  r? 


M 

F . 


AD-A172  042 


PORT  DOCUMENTATION  PAGE 

~*~  ™  I  1b  RESTRICTIVE  MARKINGS 


a  _-»»uxaaa 


2a  SECURITY  CLASSIFICATION  AUTnOFiTY 


3b.  DECLASSIFICATION, DOWNGRADING  SCHEDULE 


4  PERFORMING  ORGANIZATION  REFORT  NUMIERlS) 


•*  NAME  OF  PERFORMING  ORGANIZATION 

3HI0  STATE  UNIVERSITY 


•c.  ADDRESS  (City.  State  and  ZIP  Coda i 

Research  Foundation 
1314  Kinnear  Road 


nniTU*«j. 


NAME  OF  FUNDING/SPONSORING 
ORGANIZATION 


3  DISTRIBUTION, AVAILABILITY  of  refort 


5  MONITORING  ORGANIZATION  REPORT  NUMBE  R<S 

AFOSR-TR.  S  P  -  0  79 


7a  NAME  OF  MONITORING  ORGANIZATION 

FOS 


7b  AOORESS  (City .  Slaw  and  ZIP  Codtt 

SCaTVY<>  c\y>  <nc 


MztKtiofti 


Be  AOORESS  (City.  State  and  ZIP  Ctda) 

Bolling  AFB  DC  20332-  6448 


11.  TITLE  tlaelada  Sacunty  Classification) 

STRENGTH  AND  STRUCTURE  OF  Gal-xInxAs  ALLOYS 


13.  personal  authorisi 


Ii^IiU)  VlMi| 


13a  tyre  of  report 


IE.  supplementary  notation 


10.  SOURCE  OF  FUNDING  NOS 


PROGRAM 
ELEMENT  NO 


PROJECT 

NO 


WORK  UNIT 
NO 


Wioa*  "FO 


14  DATE  OF  REPORT  (Yr  Mo..  Dmyt  I  15  PAGE  COUNT 


COSATI  COOES 


GROUP  I  SUB.  GR. 


IB.  SUBJECT  TERMS  (Continue  on  revert*  i f  necemary  end  identify  by  Mock  number t 


1*-  ABSTRACT  (Continue  on  revere e  if  neceeeery  end  identify  by  block  number > 


DTIC 

ELECTE 
SEP  1  9  888 


m  FILE  COPJ 


DO  FORM  1473.  83  APR 


EDITION  OF  1  JAN  73  IS  OBSOLETE. 

u  9  1 8  A 


30.  DISTRIBUTION, AVAILABILITY  OF  ABSTRACT 

unclassifieo/unlimiteo  □  same  as  rft.  C  otic  users  □ 

31  ABSTRACT  SECURITY  CLASSIFICATION 

i 

► 

33a.  NAME  OF  RESPONSIBLE  INDIVIDUAL 

23b  TELEPHONE  NUMBER 
tlnetuda  Aim  Coda) 

22c  OFFICE  SYMBOL 

• 

KEVIN  J.  MALLOY,  Capt,  USAF 

202-767-4932 

AF0SR/NE 

SECURITY  CLASSIFICATION  OF  THIS  PAGE 


■■■■■HIHHMIIBHHUU  ■HBHD0L  A  •.V.Y:.' 


*  v1  •-■'i  V*  ■«.  ~  a  ^  .  1.  .  T  .  •  .  *  . 


AFOSR-TR.  86-  0  79  6 


RF  Project  764977/717636 
Quarterly  R  &  D  Status  Report 


STRENGTH  AND  STRUCTURE  OF  GAj^I^  AS  ALLOYS 

Katherine  T.  Faber 
Department  of  Ceramic  Engineering 
and 

John  P.  Hlrth 

Department  of  Metallurgical  Engineering 


ATR  FORCE  OFFICE  OF  SCIENTIFIC  RESEARCH  (AFSC) 

”y"ICE  OF  TRANSMITTAL  TO  DTIC  Approved  for  public  release  , 

'  his  technical  repo-t  h^s  bean  -'e','ie^ed  end  is  distribution  unlitnit  • 

-aroved  ^or  nubile  ve1  e-se  1AW  AFR  190-12. 

**  '■tribution  is  unlimited. 

"  'THEN  J.  KE17ER 

"hlef,  Technical Information  Division 

AIR  FORCE  OFFICE  OF  SCIENTIFIC  RESEARCH 
Building  410 

Bolling  AFB,  D.C.  20332  6448 
Contract  No.  F49620-85-C-0129 


January  1986 


The  Ohio  State  University 
Research  Foundation 

1314  Kinnear  Road 
Columbus,  Ohio  43212 


Strength  and  Structure  of  Ga^_xInxAs  Alloys 

Quarterly  R  &  D  Status  Report 
January  15,  1986 


i 

i 

(» 


APRA  Order  5526 
Program  Code  5Y10 

Contractor:  Air  Force  Office  of  Scientific  Research 
Contract  Dates:  September  1,  1985  -  August  31,  1986 
Contract  Amount:  $142,286 
Contract  Number:  F49620-85-C-01 29 

Co-Principal  Investigators: 

Katherine  T.  Faber  and  John  P.  Hirth 
(614)  422-2960  and  (614)  422-0176 


Program  Manager: 
Captain  Kevin  Malloy 
(202)  767-4984 


? 


t 

v 

\ 


■ 


1 


/ 

► 

Substantial  solid  solution  strengthening  of  GaAs  by  In  acting  as  InAs^ 
units  has  recently  been  predicted.  This  strengthening  could  account  for 
the  reduction  of  dislocation  density  in  GaAs  single  crystals  grown  from  the 
melt.  Our  objective  is  to  investigate  the  mechanism  by  which  strengthening 
is  produced  by  In  additions  to  GaAs.  In  the  first  stages  of  this  study, 
experimental  measurements  of  hardness  as  a  function  of  temperature  and  In 
content  are  reported.  ^ 

This  work  has  been  presented  at  the  1985  Materials  Research  Society's 
Fall  Meeting,  December  2-7,  1985  and  submitted  for  publication  in  the 
Proceedings  of  the  MRS.  This  submission  has  been  sent  under  separate 
cover. 

(1)  Progress 

Vickers  hardness  measurements  on  (100)  GaAs  wafers  and  (100) 

Ga0  gg7jln0  qo25As  wafers*  supplied  by  Westinghouse  R  &  D  Center,  were 
made  over  the  temperature  range  of  room  temperature  to  900  C.  Indium 


contents  were  confirmed  in  our  laboratory  by  atomic  absorption 
spectroscopy. 

Indium  additions  to  GaAs  resulted  in  significantly  higher  hardnesses 
than  that  of  the  undoped  material  above  300  C  consistent  with  the  solid- 
solution  strengthening  model.  The  hardness  drops  sharply  with  temperature 
and  flattens  at  T  >  500  C.  The  latter  temperature  independent  hardness 
region  is  indicative  of  a  plateau  stress  region.  By  virtue  of  its  higher 
hardness,  the  alloy  containing  In  could  be  inferred  to  have  a  higher 
plateau,  stress  level.  The  tests  are  to  be  extended  to  higher  temperature 
to  examine  trends  as  the  crystal  growth  temperature  is  approached. 

Marked  relaxation  is  seen  in  high  temperature  indentations  and  no 
cracks  were  seen  at  indentation  corners  above  400  C.  This  observation 
suggests  that  the  ductile-to-brittle  transition  occurs  between  300  and  400 


Hi 


C.  Above  700  C,  significant  vaporization  and  surface  damage  is  observed. 
If  tests  are  to  be  extended  to  high  temperatures,  specimens  must  be 
encapsulated  with  a  thin  protective  film.  The  use  of  boric  oxide  as  a 
protective  coating  was  not  successful,  as  chipping  of  the  coating  occurred 
around  indentations  which  made  measurements  difficult.  Higher  In  content 
wafers  (Ga^  011As^  ^ave  recentl7  ^een  obtained,  one  of  which  had  a 

silox  coating.  Si^N^  encapsulation  is  also  under  consideration. 

While  hardness  data  thus  far  show  a  significant  strengthening  effect, 
it  does  not  fully  reflect  the  above  expectation  based  on  solid  solution 
strengthening.  It  is  possible  that  the  Peierls  stress  dominates  at  lower 
temperatures  and  the  influence  of  solution  strengthening  is  small.  At 
higher  temperatures,  it  is  expected  that  solution  strengthening  will 
dominate  and  hence,  it  is  necessary  to  go  to  higher  temperature  testing. 

(2)  Major  experimental  equipment  constructed. 

For  hardness  measurements,  a  high  temperature  hardness  tester  was 
designed  and  fabricated.  The  loading  is  applied  by  dead  weights  with  a 
counterbalance  arrangement  to  vary  the  load  from  10  to  300  g.  The  indenter 
can  be  raised  and  lowered  at  a  constant  rate  of  about  3mm/min  by  a  screw 
mechanism.  The  furnace  used  is  a  low  heat-capacity  Pt-20%Rh  resistance 
wire-wound  unit  capable  of  fast  heating  and  cooling  rates  and  a  maximum 
temperature  of  1500  C.  Ultra  high-purity  argon,  flowing  into  the 
enclosure,  is  used  to  cool  the  upper  part  of  the  indenter  shaft.  All 
indentation  diagonal  measurements  are  made  at  room  temperature. 

(3)  Change  in  key  personnel 


(4)  Substantive  information  derived  from  meetings 

From  the  1985  Materials  Research  Society  Fall  Meeting,  sessions 
on  Defects  in  III-V  Compound  Semiconductors,  Ohmic  Contacts  on  III-V 
Compound  Semiconductors  and  Rapid  Thermal  Annealing  of  GaAs  were  attended. 
It  was  determined  that  no  single  encapsulent  material  has  been  found  to  be 
completely  satisfactory  for  GaAs.  Si02»  Si^N^,  phosophosilicate  glass  and 
borosilicate  glass  have  been  used;  AIN  is  somewhat  attractive  because  of 
its  similar  coefficient  of  thermal  expansion  to  GaAs.  R.S.  William  et  al. 
(UCLA)  suggested  that  PtGa2  would  be  a  thermodynamically  stable  encapsulent 
up  to  1000  C. 

Work  is  currently  ongoing  at  the  University  of  California,  Berkeley 
under  the  direction  of  Eugene  Haller  on  compression  testing  of  GaAs,  Ga-In- 
As  and  Ga-Si-As.  Experimental  results  in  a  December  1985  thesis  showed 
similar  trends  ta  our  own  experimental  data. 

(5)  Problems  of  concern 

Encapsulation  of  GaAs  for  higher  temperature  hardness  tests  poses  a 
minor  problem  at  this  stage.  These  problems  will  be  alleviated  in  our 
compression  testing,  where  near  perfect  encapsulation  is  not  required. 
However,  for  a  coupon  used  for  hardness  testing,  surface  and  near  surface 
chemistry  must  remain  stable. 

(6)  Fiscal  status 

(a)  Amount  currently  provided  for  contract:  $110,000 

(b)  Expenditures  and  commitments  to  12/31/85:  $51,530.33 
December  financial  statement  is  attached. 

(c)  Amount  needed  to  complete  work:  $90,755.67 

(d)  Estimated  date  of  completion:  8/31/86 
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